. Differences of measurements of grating acuity between the current and previous studies Mitchell et al, 2003 Duffy & Mitchell, 2013 The 
Behavioral spatial frequency response curves
Before the training, visual acuity curves were not significantly related to eye (F (1, 48) = 0.253, p = 0.617; Figure S1 ). After training, the visual acuity curves of trained cats were significantly elevated (F (1, 96) = 26.587, p < 0.001; Figure S1 ). 
Changes of simple and complex cells in A17
The proportions of simple and complex cells were similar in control and trained groups (Fisher's exact test, p = 0.54). For simple cells, the contrast sensitivity (t (47) = 0.023, p= 0.982) and tuning width (t (47) = 1.431, p= 0.159) between the two groups were not significantly different, but the trained group exhibited significantly higher OSF (Mann-Whitney U test, p = 0.011) and greater SNR (t (47) = 2.041, p= 0.047) than the control group did. For complex cells, like that of simple cells there were neither a significant difference in contrast sensitivity (t (322) = 0.796, p= 0.426) nor tuning width (t (322) = 1.900, p= 0.058) between the two groups, but a significantly higher OSF (Mann-Whitney U test, p = 0.001) and greater SNR (Mann-Whitney U test, p < 0.001) in the trained cats. a. There were no significant training effects on Rmax (F (1,367) = 3.158, p = 0.076).
Changes of Rmax and M for cells in A17
b. Training significantly decreased the M (spontaneous activities) of V1 neurons (F (1,367) = 8.225, p = 0.004).
Method Animal preparation
Seven healthy adult cats (weights between 2.5kg and 3.5kg) underwent electrophysiological recordings. Corrected spectacle lenses were used as needed Marcaine (0.25%) were applied to all pressure points and wound margins, respectively. Neosynephrine (5%) and atropine sulfate (1%) were topically administered to retract nictitating membranes and dilate pupils, respectively. A pair of zero-power air-permeable contact lenses was fitted to protect the corneas.
Lactated Ringer's solution (LRS) with 2.5% dextrose was given through a venous cannula (5-10 ml/kg/h). Gallamine triethiodide was delivered in the LRS solution (10 mg/kg/h) to maintain paralysis. Propofol (5mg/kg/h, i.v) and sufentanil (10ng/kg/h, i.v) were used to maintain anesthesia during the whole recording process. Rectal temperature was maintained around 38℃ with a heating blanket. Expired CO 2 was maintained between 3.8% and 4.3%. The heart rate, electrocardiogram, and cortical electrical activity were monitored throughout the experiment to assess the level of anesthesia. Penicillin (200000U, i.m.) , dexamethasone (5 mg, i.m.) and atropine (1 mg, i.m.) were administered every 12 h throughout the experiment.
To measure contrast sensitivity of V1 neurons
We used the same method as Anzail et al.'s study (Contrast coding by cells in the cat's striate cortex: Monocular vs. binocular detection). First, for every stimuli, each cycle was regarded as a trial and we obtained spike frequency histograms (SFHs) ( Figure S4b ). Then the probability that a spike rate drawn from a spike frequency distribution of responses to a stimulus exceeds a criterion spike rate was defined as a hit probability. The probability that a spike rate drawn from a spike frequency distribution of spontaneous activity exceeds the criterion spike rate was defined as a false probability ( Figure S4b) . By varying the criterion spike rate from zero to infinitely large, pairs of hit and false alarm probabilities were obtained to generate an ROC curve. The areas under ROC curves represent the response probabilities which take values from 0.5 to 1 (Figure S4c ). At last, Response probabilities plotted against stimulus contrast formed an S-shaped curve which was fitted by the cumulative Weibull function described by equation (1), and the contrast which gave a response probability of 0.75 was defined as contrast threshold ( Figure S4d) . 
